Abstract. Infants with a clinical diagnosis of anophthalmia or microphthalmia were identified from four health registers in Sweden, covering different parts of the period 1965-2001. During the observation period, the rate of anophthalmia decreased from the early 1970s from 0.4 to 0.2 per 10,000 births. The registered rate of microphthalmia increased markedly during the observation period to reach a maximum in 1987 of about 1.5 per 10,000. About 10% of the 432 identified children had a chromosome anomaly. There was no geographical variation in prevalence and infants born in urban or rural districts had, if anything, a lower risk than infants born in cities (0.93 and 1.13 per 10,000, respectively). Non-eye malformations were more common at anophthalmia (63%) than at microphthalmia (30%). Sex ratio was normal and no statistically significant variation between sub-groups (anophthalmia, microphthalmia, isolated, associated with non-eye malformations) could be demonstrated. There was a marked risk increase with maternal age but no certain parity effect, no effect of maternal education, but a possible association with subfertility. Maternal smoking in early pregnancy seemed to increase the risk for anophthalmia or microphthalmia in the absence of a coloboma.
Introduction
Relatively little is known about the epidemiology of anophthalmia and microphthalmia. Data from the International Clearinghouse for Birth Defects Monitoring Systems [1] showed a 10-fold variability in the registration of birth prevalence of these malformations, from a low rate of 0.22 per 10,000 in England-Wales to a high rate of 2.56 per 10,000 in Metropolitan Atlanta. Most programmes reported rates around 1 per 10,000. Table 1 summarises some pertinent studies in the field.
The report of a cluster of infants with an-or microphthalmia in Britain which was linked to the use of a pesticide, Benomyl, initiated the compilation of a national register of babies born with an-or microphthalmia in England, 1988-1994, described and analysed by Busby et al. [7] and Dolk et al. [8] . Except for the suggested effect of Benomyl, few exogenous factors (such as radiation, maternal infections, diabetes, alcohol, and thalidomide) of importance for the aetiology of an-or microphthalmia have been discussed, see review by Stro¨mland et al. [9] .
The purpose of the study was to identify risk factors for anophthalmia or microphthalmia and to describe the epidemiology of these malformations. The recording of risk factors was made before the the presence of an eye malformations were known and is therefore prospective.
Material and methods
The material for this study was collected from four different sources in order to get as complete ascertainment as possible, at least for part of the observation period.
(1) The Swedish Registry of Congenital Malformations [10] [13] contains information on all children with a visual impairment (visual acuity <0.3 and/or visual field defect) and 0-19 years of age. This register was available for infants born in the period 1981-2001 and investigated before the end of 2002. In order to identify as many infants with an-or microphthalmia as possible, data from all four registers were added to form a master file and duplicate entries were removed. Diagnoses of non-eye congenital malformations or chromosome anomalies were added from all four registers. Immigrant children were excluded from the study. All data on the characteristics of the mothers were exclusively obtained from the Medical Birth Register and studies of risk factors were made by a comparison with all infants registered in the Medical Birth Registry.
Cases consisted of infants with a diagnosis of anophthalmia or microphthalmia. The presence of a coloboma with microphthalmia was also marked. In the Registry of Congenital Malformations and the Medical Birth Registry, microphthalmia was a clinical diagnosis as recorded at the clinical examination by the examining paediatrician. In the Register of Visually Impaired children, the diagnosis was based on ophthalmologic examination. In the Hospital Discharge Register, the origin of the diagnosis depended on the type of clinic, paediatric or ophthalmologic, where the child had been cared for.
Cases were divided into the following groups: Two stratified ORs were compared with z tests based on the variances obtained from the stratified analyses [14] .
Results
A total of 266 cases were identified from the Registry of Congenital Malformations . Together with the Medical Birth Registry, 359 cases were identified. These two registers are based on neonatal diagnoses. By adding cases only identified from the Hospital Discharge Register or the Register for Visually Impaired Children, a total of 432 cases were identified.
Among the 432 children, 44 had an identified chromosome anomaly. All infants had not been subjected to chromosome analysis but the infants with identified chromosome anomalies in most instances had well-defined chromosome syndromes like trisomy 13, 18, or 21. It is not known how many infants actually were studied with a cytogenetic analysis.
The remaining analysis was restricted to the 388 children without any known chromosome anomaly. Among them, 107 had a diagnosis of anophthalmia (8 of them also microphthalmia) and 281 had a diagnosis of microphthalmia but not anophthalmia (44 had also a diagnosis of coloboma).
Prevalence at birth Figure 1 shows the frequency of identified infants with anophthalmia or microphthalmia during the period 1973-2001. Before 1973, the only data source was the Registry of Congenital Malformations which most likely was incomplete. There was a steady decrease in the rate of infants with anophthalmia since 1973 from a maximum of 0.4 down to about 0.2 per 10,000 births. The graph for microphthalmia showed a marked increase up to about 1987, followed by a decrease. The maximum value for microphthalmia indicated a rate of about 1.5 per 10,000 births when all available registers were used.
Geographic distribution
The cases were distributed accorded to county of birth (24 counties 
Associated non-eye malformations
Among infants without a known chromosome anomaly, non-eye malformations were present in 152 of the 388 children (39%), 63% for anophthalmia (67/107) and 30% for microphthalmia (85/281). The OR for having non-eye malformations was 3.86 (95% CI: 2.38-6.34) in infants with anophthalmia compared with infants with microphthalmia. 
Visual acuity and additional impairments

Infant sex
Among all infants with an-or microphthalmia and known sex (excluding chromosome anomalies), 197 were male and 190 female, a sex ratio of 1.04 
Multiple birth
Among the infants with anophthalmia or microphthalmia there were nine infants born as twins (only one twin affected). Among the nine twin pairs, six were like-sexed and three unlike-sexed. There were no higher order multiples. The odds ratio for being born as a twin was 1.28 (95% CI: 0.66-2.48) after stratification for year of birth and maternal age. Table 3 shows the odds ratio estimates for maternal age (stratified for year of birth and parity) and for parity (stratified for year of birth and maternal age). Each group is compared with all other groups. There was an increased risk with increasing maternal age. It could be due to the inclusion of infants with unidentified chromosome anomalies. Such infants were likely to have non-eye malformations and we therefore compared the risk at high maternal age between affected individuals with and without non-eye malformations. The OR for a maternal age of 35 years old or more was 1.33 (95% CI: 0.63-2.82) for infants with non-eye malformations and 2.11 (95% CI: 1.23-3.62) for infants without such malformations. These two odds ratios did not differ significantly (z ¼ 0.98, p ¼ 0.25).
Maternal age and parity
The OR for a maternal age of 35 years or more for infants with anophthalmia (1.97, 95% CI: 1.22-3.58) did not differ significantly from that for infants with microphthalmia (1.72, 95% CI: 1.09-2.71, z=0.40, p=0.37).
There was no certain parity effect after adjustment for year of birth and maternal age.
Maternal education
As an estimate of socio-economic level, maternal education level was analysed, restricted to the period 1973-1995 (278 cases). Women with no information 03) . Gymnasium in the Swedish school system corresponds roughly to upper secondary school in UK and senior high school in USA.
Maternal subfertility
Maternal subfertility was identified from reported years of involuntary childlessness. Among 204 cases born after 1982 (when this variable began to be recorded), 16 reported a period of involuntary childlessness. After stratification for year of birth, maternal age, and parity the OR for subfertility was 3.62 (95% CI: 0.77-17.2). The increased OR can thus be random.
Maternal smoking
The effect of maternal smoking was also studied for the 204 infants born after 1982. The OR for any smoking was for all cases 1.21 (95% CI: 0.86-1.70). Among 37 of the cases, the presence of a coloboma was marked. The OR for smoking among the remaining 167 cases was 1.33 (95% CI: 0.92-1.91). If the 16 infants whose mothers reported involuntary childlessness were removed, the OR increased to 1.47 (95% CI: 1.01-2.14). The reasons for these step-wise reductions are given in the Discussion.
Maternal chronic diseases
Maternal diagnoses as recorded in the Medical Birth Registry, were analysed for the period 1973-2001. The number of women with a diagnosis of diabetes and an infant with an-or microphthalmia was 4 -the expected number, stratified for year of birth, age, and parity, was 1.5 (RR ¼ 2.6, exact 95% CI: 0.7-6.7). None of the women whose infant had an-or microphthalmia had a diagnosis of epilepsy (0.3 expected).
Discussion
Anophthalmia and microphthalmia may have different pathogenesis. A complete absence of eyes can be the result of an early disturbance of the neural plate but often anophthalmia really represents a very strong microphthalmia -the eye remnants can only be identified after histological examination of the orbital content. The term clinical anophthalmia has been coined by Clement et al. [2] , stressing this condition. Microphthalmia is the result of reduced growth of the eye ball and is sometimes secondary to a closure defect of the choroidal fissure, resulting in a coloboma. It is possible that different etiological factors exist for coloboma malformations than for microphthalmia which is a result of disturbed eye ball growth. In a proportion of infants with microphthalmia, a diagnosis of coloboma was also given, but the absence of a coloboma diagnosis does not necessarily mean that no coloboma was present. Rate comparisons are hampered by the fact that in any register of congenital malformation of a size large enough to permit studies of rare malformations like anophthalmia or microphthalmia, ascertainment is seldom complete and may vary between different registers. We used four separate registers and hopefully identified most clinically important cases but mild cases may well be missing. For the analysis of risk factors, total ascertainment is not necessary but the findings made may refer specifically to more severe forms.
The recorded rate of anophthalmia (see Figure 1 ) showed a steady decrease. In agreement with most published studies, the average rate is around 2-3 per 10,000 births.
The rate of microphthalmia continued to increase during the observation period up to 1987 and then began to decrease. The maximum value of about 1.5 per 10,000 is in agreement with the highest rates recorded in the literature ( Table 1 ). The rate increase was partly a result of the inclusion of data from the Register from Visually Impaired Children (data from birth year 1981 and onwards) and from the Hospital Discharge Register (which began in 1987). Even before these registers became active, however, a marked increase in the registration was noticeable. The difficulties in the complete identification of infants with microphthalmia has been stressed previously by Ka¨lle´n et al. [5] .
Some studies have searched for clustering or an uneven geographical distribution of infants with anor microphthalmia without success. In a study from England [8] , no statistically significant regional or district variability in prevalence was found but a higher risk in rural than in other areas. In the present study no significant geographic variability was found. In the present study the rate in cities was slightly but not significantly higher than in urban or rural areas. The difference in results may have many explanations. A large part of the rural area in Sweden is not used for agriculture but represents forests. Furthermore, use of chemicals in Swedish agriculture is relatively restricted.
A low sex ratio in infants with eye malformations has been described by Stoll et al. [3] but a normal sex ratio was found by Ka¨lle´n et al. [5] . We found a higher sex ratio among infants with associated non-eye malformations than in infants with only anophthalmia or microphthalmia, and a low sex ratio in isolated anophthalmia. These variations in sex ratio could, however, be random.
An increased rate of twinning was noted by Ka¨lle´n et al. [5] . This was indicated also in the present study but statistical significance was not reached.
We found high maternal age to be a risk factor for anophthalmia and microphthalmia which agrees with data published by Ka¨lle´n et al. [5] . Such an effect could be the result of the inclusion of unidentified chromosome anomalies but this is less likely as the odds ratio did not differ between isolated and nonisolated cases.
A weak and non-significant effect of parity 1 was seen -this could be an effect of an association with subfertility because parity effect was studied after standardisation for age and a subfertile couple will as an average have an infant later than a couple with normal fertility. Subfertility appeared as an indicated risk factor for anophthalmia or microphthalmia but statistical significance was not reached.
Maternal education as an indicator of socio-economic level showed no clear-cut association with these malformations which agrees with findings from UK according to Dolk et al. [8] .
Maternal smoking has been associated with some congenital malformations as reviewed by Ka¨lle´n [14] . Little is previously known about an association between smoking and anophthalmia or microphthalmia. The interpretation of the results in the present study was complex. There was no effect of maternal smoking on the total group of malformations but a study by Mode´us et al. (submitted) indicated a 'protective' effect for coloboma of the eye. As in many instances of microphthalmia the basic malformation is a non-closure of the chorioid fissure leading to coloboma, we removed cases with a stated coloboma and then the odds ratio for smoking increased. A further complication was the indicated association with maternal subfertility (women with fertility problems as an average smoke less than other women). After removal of cases whose mothers had reported involuntary childlessness, the odds ratio for smoking increased further and reached formal statistical significance. This observation needs to be confirmed or discarded by independent studies.
